Abstract. hypertension and diabetes mellitus are important risk factors for chronic kidney disease (cKd). We previously showed that the c→t polymorphism (rs6929846) of BTN2A1 was significantly associated with myocardial infarction. The purpose of the present study was to examine an association of rs6929846 of BTN2A1 with cKd in individuals with or without hypertension or diabetes mellitus, thereby contributing to the personalized prevention of cKd in such individuals separately. the study population comprised 7,542 unrelated individuals, including 2,289 subjects with CKD [estimated glomerular filtration rate (eGFr) <60 ml/min/1.73 m 2 ] and 5,253 controls (eGFr ≥60 ml/min/1.73 m 2 ) with or without hypertension or diabetes mellitus. the chi-square test, a multivariable logistic regression analysis with adjustment for covariates, as well as a stepwise forward selection procedure revealed that the c→t polymorphism (rs6929846) of BTN2A1 was significantly associated with cKd in normotensive individuals, in diabetic individuals and in individuals with hypertension and diabetes mellitus, or without either condition, with the T allele representing a risk factor for CKD. Stratification of subjects based on hypertension or diabetes mellitus may thus be important in order to achieve personalized prevention of cKd with the use of genetic information. Introduction chronic kidney disease (cKd) is an important global public health problem because of its high morbidity in the general population. recent studies suggest that the risk for death is increased in individuals who have impaired renal function, but do not require dialysis, compared to those who have preserved renal function (1,2). disease prevention is an important strategy for reducing the overall burden of cKd and end-stage renal disease (ESRD), and the identification of markers for cKd risk is essential both for risk prediction and for potential intervention to reduce the chance of future cardiovascular complications (3).
Introduction
chronic kidney disease (cKd) is an important global public health problem because of its high morbidity in the general population. recent studies suggest that the risk for death is increased in individuals who have impaired renal function, but do not require dialysis, compared to those who have preserved renal function (1, 2) . disease prevention is an important strategy for reducing the overall burden of cKd and end-stage renal disease (ESRD), and the identification of markers for cKd risk is essential both for risk prediction and for potential intervention to reduce the chance of future cardiovascular complications (3) .
Several risk factors for progression of cKd have been proposed (4) , with hypertension and diabetes mellitus having been recognized as important risk factors for cKd (5-7) as well as for coronary heart disease and stroke. in addition to these conventional risk factors, recent studies have shown the importance of genetic factors and of interactions between multiple genes and environmental factors in the development of cKd (8, 9) . although recent genome-wide association studies (GWaSs) (10) (11) (12) (13) (14) (15) have implicated several loci and candidate genes in predisposition to cKd or ESrd in caucasians or african-american populations, the genes that contribute to genetic susceptibility to cKd in asian populations remain to be identified definitively. We previously showed that the c→t polymorphism (rs6929846) of BTN2A1 was significantly associated with myocardial infarction in japanese individuals by a GWaS (16) . Given that cKd is an important risk factor for coronary heart disease, the association of rs6929846 with myocardial infarction may be attributable, at least in part, to its effect on susceptibility to cKd. We also showed that genetic variants that confer susceptibility to cKd differ between individuals with or without metabolic syndrome (17) , between individuals with or without type 2 diabetes mellitus (18) , between individuals with or without hypertension (8) , or between individuals with different lipid profiles (19) . To further examine whether the association of a genetic variant with CKD is influenced by the absence or presence of hypertension or diabetes mellitus, we performed an association study for rs6929846 of BTN2A1 and cKd in 7,542 japanese individuals with or without hypertension or diabetes mellitus.
Association of a polymorphism of

Materials and methods
Study population. the study population comprised 7,542 unrelated japanese individuals (4,382 men and 3,160 women) who either visited the outpatient clinics of or were admitted to the participating hospitals (Gifu prefectural General medical center, Gifu; Gifu prefectural tajimi hospital, tajimi; hirosaki university hospital and hirosaki Stroke center, hirosaki; japanese red cross nagoya First hospital, nagoya; and inabe General hospital, inabe, japan) between october 2002 and march 2009 because of various symptoms or for an annual health checkup, or who were recruited to populationbased prospective cohort studies of aging and age-related diseases in nakanojo, Kusatsu and tokyo, japan.
Glomerular filtration rate was estimated with the use of the simplified prediction equation derived from that in the Modification of Diet in Renal Disease Study and proposed by the japanese Society of nephrology (20) (1) . We thus adopted the criterion of an eGFr of <60 ml/ min/1.73 m 2 for the diagnosis of cKd in the present study. on the basis of this criterion, 2,289 subjects (1,394 men and 895 women) were diagnosed with cKd. the control subjects comprised 5,253 individuals (2,988 men and 2,265 women) whose eGFR was ≥60 ml/min/1.73 m 2 . Subjects with cKd and controls either had or did not have conventional risk factors for cKd, including hypertension (systolic blood pressure of ≥140 mmHg, diastolic blood pressure of ≥90 mmHg, or taking of antihypertensive medication), diabetes mellitus [fasting plasma glucose level of ≥6.93 mmol/l, blood glycosylated hemoglobin (HbA1c) content of ≥6.5%, or taking of antidiabetes medication], or hypercholesterolemia (serum total cholesterol concentration of ≥5.72 mmol/l, or taking of lipid-lowering medication). The study protocol complied with the declaration of helsinki and was approved by the committees on the Ethics of human research of mie university Graduate School of medicine, hirosaki university Graduate School of medicine, Gifu international institute of biotechnology, tokyo metropolitan institute of Gerontology and participating hospitals. Written informed consent was obtained from each participant.
Genotyping of rs6929846 single nucleotide polymorphism (SNP).
Venous blood (7 ml) was collected into tubes containing 50 mmol/l ethylenediaminetetraacetic acid (disodium salt), and genomic dna was isolated with a kit (Genomix; talent, trieste, italy). Genotypes of rs6929846 of BTN2A1 were determined at G&G Science (Fukushima, japan) by a method that combines the polymerase chain reaction (PCR) and sequence-specific oligonucleotide probes with suspension array technology (luminex, austin, tx, uSa). primers, probes and other pcr conditions for the genotyping of rs6929846 have been described previously (16) .
Statistical analysis. Quantitative data were compared between subjects with cKd and controls by the unpaired Student's t-test. categorical data were compared by the chi-square test. allele frequencies were estimated by the gene counting method, and the chi-square test was used to identify departures from hardy-Weinberg equilibrium. Genotype distribution of rs6929846 was compared between subjects with cKd and controls by the chi-square test. When a p-value for genotype distribution was <0.05, multivariable logistic regression analysis was performed with adjustment for covariates. multivariable logistic regression analysis was thus performed with cKd as a dependent variable, and independent variables, including age, gender (0, woman; 1, man), body mass index (bmi), smoking status (0, non-smoker; 1, smoker), history of hypertension, diabetes mellitus or hypercholesterolemia (0, no history; 1, positive history) and genotype of rs6929846. P-values, odds ratios and 95% confidence intervals were calculated. Genotype was assessed according to dominant, recessive and additive genetic models. additive models included the additive 1 (heterozygotes vs. wild-type homozygotes) and additive 2 (variant homozygotes vs. wild-type homozygotes) models, which were analyzed simultaneously with a single statistical model. We also performed a stepwise forward selection procedure to examine the effects of genotype as well as of other covariates on cKd; genotype was examined according to a dominant model on the basis of statistical significance in the multivariable logistic regression analysis. the p-levels for inclusion in and exclusion from the model were 0.25 and 0.1, respectively. a p-value of <0.05 was considered statistically significant. Statistical significance was examined by two-sided tests performed with jmp version 6.0 and jmp Genomics version 3.2 software (SaS institute, cary, nc, uSa).
Results
Characteristics of subjects. the characteristics of the subjects are shown in tables i-iii. in all analyses, serum concentrations of creatinine were greater and eGFrs were lower in subjects with cKd than in controls. For hypertensive individuals, age and the prevalence of diabetes mellitus were greater, whereas the percentage of smokers and diastolic blood pressure were lower in subjects with cKd than in controls. For normotensive individuals, age and the frequency of male subjects were greater, whereas diastolic blood pressure was lower in subjects with cKd than in controls (table i) .
For diabetic individuals, age and the prevalence of hypertension were greater, whereas the percentage of smokers was lower in subjects with cKd than in controls. For non-diabetic individuals, age, the frequency of male subjects, the prevalence of hypertension, fasting plasma glucose level and blood glycosylated hemoglobin content were greater in subjects with cKd than in controls (table ii) .
For individuals with hypertension and diabetes mellitus, age was greater, whereas the percentage of smokers and diastolic blood pressure was lower in subjects with cKd than in controls. For individuals without hypertension or diabetes mellitus, age and the frequency of male subjects were greater in subjects with cKd than in controls (table iii).
Association of rs6929846 of BTN2A1 with CKD. comparison of genotype distributions by the chi-square test revealed that the c→t polymorphism (rs6929846) of BTN2A1 was significantly (P<0.05) associated with CKD in normotensive individuals, in diabetic individuals and in individuals with hypertension and diabetes mellitus, or without either condition (table iV) .
multivariable logistic regression analysis with adjustment for age, gender, bmi, smoking status and the prevalence of hypertension, diabetes mellitus or hypercholesterolemia revealed that rs6929846 of BTN2A1 was significantly associated with cKd in normotensive individuals (dominant table
With hypertension
Without hypertension Quantitative data are the means ± SD. eGFR, estimated glomerular filtration rate.
table ii. characteristics of subjects with chronic kidney disease (cKd) and controls among individuals with or without diabetes mellitus. Quantitative data are the means ± SD. eGFR, estimated glomerular filtration rate.
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and additive 1 models), in diabetic individuals (dominant and additive 1 models) and in individuals with hypertension and diabetes mellitus (dominant model), or without either condition (dominant and additive 1 models), with the T allele representing a risk factor for cKd (table V) . a stepwise forward selection procedure was performed to examine the effects of genotype for rs6929846 of BTN2A1 as well as of age, gender, bmi, smoking and the prevalence of hypertension, diabetes mellitus or hypercholesterolemia on cKd (table Vi) . For normotensive individuals, age, bmi, BTN2A1 genotype (dominant model) and male gender, in descending order of statistical significance, were significant (p<0.05) and independent determinants of cKd. For diabetic individuals, age, hypertension, BTN2A1 genotype (dominant model) and male gender were significant and independent determinants of cKd. For individuals with hypertension and table iii. characteristics of subjects with chronic kidney disease (cKd) and controls among individuals with hypertension and diabetes mellitus, or without either condition. Quantitative data are the means ± SD. eGFR, estimated glomerular filtration rate. 
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Discussion
We examined the possible relation of rs6929846 of BTN2A1 to the prevalence of cKd in japanese individuals with or without hypertension or diabetes mellitus. our association study with three steps of analysis (chi-square test, multivariable logistic regression analysis with adjustment for covariates and stepwise forward selection procedure) revealed that the c→t polymorphism (rs6929846) of BTN2A1 was significantly associated with cKd in normotensive individuals, in diabetic individuals and in individuals with hypertension and diabetes mellitus, or without either condition. prediction of the risk for cKd on the basis of genetic variants is useful to decide how aggressively to target the clinical risk factors that are currently amenable to treatment. the butyrophilin, subfamily 2, member a1 gene (BTN2A1) is a member of the btn2 subfamily of genes, which encode proteins belonging to the butyrophilin protein family. While the butyrophilin family was originally identified by the ability to aid production of milk fat globules (21), many butyrophilin and butyrophilin-like family of proteins were shown to regulate immune function, and polymorphisms in the coding sequences were related to predisposition to inflammatory diseases (22) . Genomic mapping of disease loci identified a SNP (rs2076530) in the butyrophilin-like 2 gene (BTNL2) that increases the risk for sarcoidosis (23) . polymorphisms in BTNL2 in linkage disequilibrium with hla-drb were related to other inflammatory diseases, all of which can be characterized by inappropriate t-cell activation (24) (25) (26) . our previous study (16) showed that the T allele increased the transcription activity of BTN2A1 and the overexpression of BTN2A1 decreased the expression of elastin mrna and increased the mrna expression of matrix metallopeptidase 3 and interleukin 5. these observations suggest that the T allele of rs6929846 of BTN2A1 may accelerate vascular inflammation (16) .
the development of cKd is affected by various factors, including conventional risk factors, such as hypertension and diabetes mellitus, as well as oxidative stress and vascular inflammation. Dyslipidemia, that frequently coexists with renal disease, has been shown as an important factor in nephron damage (27) . large artery stiffness may also be related to the progression of cKd (28) . We have now shown that the c→t polymorphism (rs6929846) of BTN2A1 is significantly associated with CKD in Japanese normotensive individuals, in individuals with hypertension and diabetes mellitus, or without either condition. the enhancement of vascular inflammation by the T allele of rs6929846 may account for its association with cKd, although the underlying molecular mechanisms remain unclear.
in conclusion, our results suggest that genetic variants that confer susceptibility to cKd differ among individuals with or without hypertension or diabetes mellitus. Stratification of subjects based on hypertension or diabetes mellitus may thus be important in order to achieve personalized prevention of cKd with the use of genetic information. Validation of our findings will require their replication with independent subject panels of other ethnic groups, as well as long-term follow-up to examine the association of rs6929846 of BTN2A1 with the prevalence of cKd.
